Recently, the importance of the infiltration process in agriculture and the environment has resulted in an upsurge of interest by soil and water scientists to model the process for quantitative application. A study was conducted on the University of Calabar Teaching and Research Farm, Calabar to evaluate the effect of oil palm (OP) and arable farm (AF) land use systems on the Green-Ampt (GA), Philip (P), Kostiakov (K), Horton (H) and Mezencev (MZ) infiltration models, as well as the applicability or efficiency of the models to predict infiltration into the soils. Infiltration data were obtained with double ring infiltrometer, and the parameters of the models were obtained through curve-fitting. Model accuracy was evaluated with the Willmott's index of agreement (W), chi-square (X 2 ), coefficient of determination (R 2 ), root mean square error (RMSE) and mean error (ME) test statistics. The results showed that soil under oil palm had measured cumulative infiltration and infiltration rate of 72.81 cm and 14.10cm/hr while arable farm had 74.76 cm and 12.92 cm/hr, respectively. The cumulative infiltration predicted by Philip and Kostiakov models were very close to the field data for OP and AF. Horton and Mezencev models underestimated the infiltration process because their ME values were negative while Green-Ampt, Kostiakov, and Philip overestimated the infiltration process as they had positive ME values. In terms of accuracy and applicability, the order of performance was P>K>MZ>GA>H. Therefore, the Philip and Kostiakov models could be used to predict infiltration into the soils, but that the Philip model was superior to the Kostiakov model for the University of Calabar Teaching and Research Farm and similar soils in other ecologies.
Introduction
Soils of the humid tropics are fragile, i.e., extremely sensitive to degradative processes (structural decline) and low resilience, i.e., ability to recover after an agricultural perturbation (Lal, 1997) , and are prone to flooding and erosion due to the torrential and high intensity rains (Udosen, 2017) , and inappropriate land use and soil mismanagement. However, the prediction of flooding, pollutant transport, and erosion depend on the runoff rate which is directly affected by the infiltration rate (Ogban et al., 2012) . Infiltration is a major component of the hydrological cycle, i.e., the dynamics of water between the earth and the atmosphere, because it determines the fraction of the irrigation or rainwater that enters the soil and is stored, and the amount that runs off and responsible for soil erosion (Pla, 2007; Oku and Aiyelari, 2011) .
Infiltration is the entry of water into the soil (Hillel, 1971) under a downward hydraulic gradient influenced by capillary and gravitational forces, with capillary forces predominating at the initial stages of the infiltration process and gravitational forces at large times (Hillel, 1998) , as well as provide information about relevant hydraulic and structural soil properties. However, the limiting factor in soil's water uptake, and thus control of flooding and erosion, is soil infiltrability or infiltration capacity, the maximum rate at which it can accept the flux of water entering through its surface (Hillel, 1998) . Quantifying soil infiltrability in relation to soil properties and land use is necessary for efficient irrigation planning, hydrologic analysis and modelling, and soil and watershed management (Hillel, 1971; Azuka et al., 2013) .
Infiltration is affected by the inherent properties of the soil such as soil texture and soil structure, which in turn affect the pore space and matric and gravitational forces, and initial moisture condition, the rainfall pattern, and land use and soil management practices (Hillel, 1998) . Water infiltration into soils is highly sensitive to land use and soil management, which can alter the nature and properties of the soil surface resulting in the alteration of the hydrological balance and the infiltration characteristics of the soil. Also, soil hydraulic properties such as water retention capacity, saturated hydraulic conductivity, infiltration rate, sorptivity, and transmissivity are affected differently by land use practices, due to the accompanying changes in soil's intrinsic properties. Selby (1972) , reported that the conversion of land from forest to pasture resulted in significant changes in the infiltration characteristics of the soil surface layer in central North Island, New Zealand because the open structure of the forest soil had been destroyed by grazing. In Angra, India, Agnihotri, and Yadav (2002 ) , reported infiltration rates that were greater in the forested Isong, I. A. et al., NJSS 28 (2) 2018 81 -94 https://doi.org/10.36265/njss.2018.280210 ISSN-1597-4488 ©publishingrealtime. All right reserved land than in farmland. Moreover, in Ndola, Tanzania, Saiko, and Zonn (2003) , obtained higher infiltration rates in the fallowed land than in cultivated land.
In South-western Nigeria, Wilkinson and Aina (1976) , reported higher infiltration rates into two tropical-forest soils under bush fallow (natural regrowth) compared to arable cropland where soil structural integrity had been compromised. Also, Amusan et al. (2005) , found that soil texture and infiltration rate declined due to changes in vegetation and soil structural characteristics in South-western, Nigeria. Similar research results have been reported in South-eastern Nigeria. For instance, Antigha and Essien (2007) and Osuji et al. (2010) , reported highly significant (p = 0.01) infiltration rates in the bush fallow land than in arable cropland. Eze et al. (2011) , observed that the infiltration rate of a sandy soil under forest was higher than under sparse vegetation and bare cultivation. Ogban (2017) , reported significantly (p≤0.05) high infiltration rates in soil under oil palm compared to fallow and cultivated soil, and in the trend: OP>FL>CC. Differences between FL and CC were not significant. Generally, low infiltration characteristics were recorded in CC than in FL and OP and indicated the degradative effect that cultivation may have on soil properties. Osuji et al. (2010) , reported significant relationships between steady infiltration rates and soil organic matter, bulk density, and total porosity. Shukla et al. (2003) , Bormann and Klassen (2008) and Haghighi et al. (2010) attributed changes in infiltration rates to soil hydraulic properties, porosity, soil organic matter, and bulk density and different land use practices.
Infiltration characteristics can mostly be evaluated under either ponded or rainfall conditions or predicted using infiltration models (Haverkamp et al., 1988; Majaliwa and Tenywa, 1998) . Several studies have been conducted to quantify the infiltration process (Green and Ampt, 1911; Kostiakov, 1932; Horton, 1940; Philip, 1957a; Talsma and Parlange, 1972; Rao et al., 2006) , as well as evaluate infiltration models either for the purpose of validation to establish the model parameters or comparison of model efficiencies and applicability for different soil conditions (Ahmed, 1982; Bach et al., 1986; Davidoff and Salim, 1986; Obiechefu, 1991; Topaloglu, 1999; Wudduvira et al., 2001; Igbadun and Idris, 2007; Egbai et al., 2011) because the models are strongly subjected to soil spatial variability (Dashtaki et al., 2009) . Al-Azawi (1985) , reported that a lack of knowledge of the model parameters for different soils and locations makes the use of these models difficult. Infiltration model parameters could be determined when field infiltration data are fitted mathematically to infiltration models.
The University of Calabar Teaching and Research Farm is located on the tertiary coastal plain sands parent material in Southern, Nigeria. The area receives rainfall in excess of 3000 mm annually, occurring during the rainy season, but much of the rainwater is lost through Hortonian flows, with the attendant risk of frequent extensive flooding and severe soil erosion. In the dry season, the crop growing area is fallowed because of water deficit, making it the single most important and critical factor of crop production on the farm and the entire southern ecology, where inappropriate land use and soil mismanagement are common features of agriculture. Consequently, large-scale increases in crop production require an irrigation scheme whose critical factor is soil water status and which is a function of the infiltration capacity of the soil. While infiltration models have been well dis-cussed in the literature (Hopmans et al., 2007) , and some studies conducted on the test site (Amalu and Antigha, 1999; Ukata et al., 2015) , their practical application to the University of Calabar Teaching and Research Farm has not been studied. This study was carried out to evaluate some of the commonly used infiltration models to select an appropriate model/s as a basis to improve the management of the soil and its productive capacity for increases in crop yield.
Infiltration Models
Five infiltration models were examined to evaluate their parameters (Table 1) . Rawls et al. (1993) and Mishra et al. (1999) , classified the infiltration models as empirical, semiempirical and physically based models. Mishra et al. (1999) , outlined the basis of the infiltration models and stated that (i) the physically based models rely on the law of conservation of mass and the Darcy law, (ii) the semi-empirical models employ simple forms of the continuity equation, and (iii) the empirical models do not directly use any of the above equations because they are based on data derived from either field or laboratory experiments. Moreover, in the physically based or mechanistic models, a solution is found for the water flow equation to derive an expression for the infiltration rate, which is then interpreted physically. In contrast, the empirical approach consists of first finding a mathematical function whose shape as a function of time marches the observed features of the infiltration rate and then attempting a physical explanation of the process. However, the physically based models are often used as empirical models, i.e., applied to field-measured data and their parameters determined by curve-fitting. Consequently, they lose the physical significance of the parameters because their basic assumptions are violated (Haverkamp et al., 1988) Kostiakov (1932) , found a functional relationship between cumulative infiltration, I, and time, t, thus:
Empirical Models
(1) where, I = cumulative infiltration (cm), t = elapsed time (min), c and α are constants (fitting parameters) that depend on soil and initial conditions, with c > 0 and 0 < α < 1. That is, the parameters in Equation (1), though not theoreticallybased, however, vary with the soil physical properties. Equation (1) tends to be the most preferred infiltration model in surface irrigation application because of its simplicity, capability of fitting most infiltration data, and probably because it is less restrictive as to the mode of water application. However, to use Equation (1), a logarithmic transformation is necessary to obtain the expression:
(2) A plot of log I versus log t produces a straight line with the slope as while the intercept on the logI axis gives the value of logc. The value of c can be obtained from the antilogc. i.e.
(3) Mezencev (1948) , also called the modified Kostiakov (1932) model to overcome the limitation of infinite infiltration rate at relatively large times. Mezencev's cumulative infiltration and infiltration rate are expressed as:
where, ( >0) and (0< < 1) are constants, i c = final infiltration rate (cm/hr), i = infiltration rate (cm/hr). Either plotting β can obtain the value of α and β with logt or through linear regression analysis. The slope of the reg ression analysis corresponds to β, and the intercept represent s α.
Semi-empirical Models
Horton (1940), proposed a three-parameter semi-empirical infiltration equation derived from work and energy principles as: (6) where, i = infiltration rate at time, t, (cm/hr), i o = initial infiltration rate (cm/hr) at t = 0, i c = final infiltration rate (cm/hr), k = infiltration decay coefficient in dimension of time, t, (t -1 ). Equation (6) is derived from the simple assumption that the reduction in the infiltration capacity during rain is directly proportional to the rate of infiltration and is applicable only when the effective rainfall intensity is greater than i c (Linsley et al., 1975) . The parameters in the Horton model can be determined by plotting ln(i-i c ) against time, t, to get the best fit line through the plotted points. The intercept on the ordinate represents ln(i o -i c ) while the Horton decay coefficient represents the slope. The rate of decrease of infiltration rate, i, to steady-state infiltration , i c , is determined by k. Equation (6) indicates that if the rainfall intensity, for instance, exceeds the infiltration capacity of the soil, infiltration tends to decrease exponentially. Horton infiltration model has an advantage over Kostiakov by having finite infiltration rate when the time is zero.
Physically-based Models
Green-Ampt (1911), developed an infiltration model by applying Darcy's law to the wetted zone in the soil based on the existence of a distinct wetting front, with infiltration rate as: (7) and the cumulative infiltration as:
Where, S t = storage suction factor, K s = saturated hydraulic conductivity. Other parameters are as defined above. The parameters and were calculated using linear regression analysis of i against . The slope and intercept are represented by and respectively. Philip (1957a Philip ( , 1969 developed a time-series to solve the Richards equation for vertical and horizontal infiltration. He proposed a simple equation for the cumulative infiltration and showed that horizontal infiltration is given as: (9) where, I = cumulative infiltration (cm), S = sorptivity (cm/ t 1/2 ). For vertical infiltration, Philip (1957a) solution of the Richards equation was of the form of physically-based converging infinite series in powers of t 1/2 , which described cumulative infiltration, I, as a function of time, t, as:
(10) where, A 1 , A 2 A 3 … are transmissivity parameters. Philip (1957b) further showed that a truncated form of Equation 10 with just two fitting parameters is sufficient for all practical purposes to describe the time dependence of cumulative infiltration thus:
(11) and the infiltration rate as:
(12) i = infiltration rate (cm/hr), A = transmissivity (cm/hr), t = time (hr), while I and S are as defined in Equation (9). Philip model parameters were determined by least square regression analysis method following the procedure outlined in Minasny and MacBrtney (2000) and Isong et al. (2017) .
Materials and Methods

Study area:
The study was conducted in the 16-ha oil palm plantation (Latitudes 4 0 56ʹ and 4 0 59ʹ N and Longitudes 8 0 20ʹ and 8 0 21ʹ E) and in the 4-ha arable farm (Latitude 4 0 27ʹ and 5 0 32ʹ N and Longitude 7 0 15ʹ and 9 0 28ʹ E), both in the University of Calabar Teaching and Research Farm. This area has a hot, humid tropical climate with two distinct seasons; the rainy season which lasts from April to October and dry season which spans from November to March. Total annual rainfall in the area far exceeds 2600 mm. The mean annual temperature ranges from 23°C and 31°C, while relative humidity averaged 84 %. The farm is located on an undulating topography, underlain by the tertiary coastal plain sands parent material, usually referred to as the acid sands. The soils are coarse-textured, relatively homogenous and profoundly permeable and are classified as Kandiudults or Acrisols (Akpan-Idiok et al., 2012) . Some physical properties of the soils are shown in Table 2 . The arable land is seasonally cultivated to maize, watermelon, fluted pumpkin, cassava yam, etc.
Infiltration measurement
Water infiltration was measured at eight points on each land use systems with the double ring infiltrometer (Reynolds et al., 2002) . The infiltrometer consisted of outer and inner rings measuring 50 and 30 cm in diameter, respectively, and
Field observed data were fitted to the exponential decay curve and the power function curves by a dynamic curve fitting tool using non-linear regression with the aid of the SigmaPlot 12.5 statistical package, to obtain their respective model parameters. The parameters in Philip and Green-Ampt models were estimated from least square regression analysis following the procedure outlined in Al-Azawi (1985) , Minasny and MacBrtney (2000) , Vandervarere et al. (2000) and Isong et al. (2017) .
Evaluation of infiltration model performance:
The statistical goodness of fit indices in Table 2 alongside with t -test were used in evaluating the performance of models in this study. a height of 30 cm. A metal bar was placed on the rings and driven concentrically with a hammer into the soil to a depth of 10 cm. Each infiltration run was allowed a time duration of 180 minutes (3 hours). The average of the measurements was taken and subsequently used in the computation of the infiltration parameters.
Statistical analysis 2.3.1 Estimation of infiltration model parameters:
In the field study, the parameters of each model (Table 1) were unknown. Also, Horton model represented an exponential decay curve while Kostiakov and Mezencev were power functions.
Nam e of equation Expression
Parameters to estimate
Meaning of symbols References
Cumulative infiltration Infiltration rate 
Results and Discussion
Effect of OP and AF on infiltration rate and cumulative infiltration
Infiltration rate, the flux passing through the surface and flowing into the soil profile (Hillel, 1971) , was orders of magnitude initially higher than the saturated hydraulic conductivity, Ks, but consistently declined gradually with increase in time of infiltration to a constant value after about 120 min in OP and AF (Figure 1) . The observed trend of decreasing infiltration rate within the time-scale of this study agrees with theory (Reynolds et al., 2002) that the flux-density of water per unit area decreases monotonically to approach the equilibrium or final soil infiltrability or Ks (Hillel, 1971; Kutilek and Nielsen, 2015) . Soil infiltrability and its variation with time are known to be dependent on the initial wetness and suction, as well as the texture, structure, and uniformity of the profile (Hillel, 1971 ).
The high initial infiltration rate (OP = 78.6 cm/h; AF = 79.82 cm/h) was attributed to the generally low soil moisture content (Table 3) and therefore large suction head and the coarseness of soil texture which favoured gravity-driven infiltration (Baver et al., 1972; Reynolds et al., 2002) . The gradual decrease in infiltrability in OP and AF with time was attributed to changes in soil surface conditions, i.e., compaction of the soil surface by raindrop action, aggregate breakdown, slaking and sealing of pores, and to a decreasing matric potential gradient as the wetting front penetrated deeper into the soil profile. Radcliffe and Rasmussen (2000) , reported that entrapped air also contributes to a decreasing initially high infiltration rate. Linsley et al. (1975) , stated that the decreasing rate of infiltration with the time of water application was due to the continuous diversion of gravity water into capillary-pore spaces by capillary forces, thus, diminishing the quantity of gravity water passing successively lower horizons leading to increased resistance to gravity flow in the surface horizons.
The initial infiltration rate, i o , was significantly different (p<0.05) between OP and AF (Table 3) , which was similar to reports by Wilkinson and Aina (1976) , Osuji et al. (2010) and Eze et al. (2011) , that soils under oil palm forest maintained open soil structure associated with increased biological activities, e.g., surface cover of plant materials, dead roots that create pores in addition to textural pores, etc with high infiltration rate, compared to the arable land where cultivation results primarily in a change in soil structure through aggregate breakdown, colloidal dispersion and clogging of the soil pores and lower infiltration rate. Thus, the effect of soil use on infiltration rate masked the homogeneity in the soil as demonstrated by a similarity in soil texture and agrees with reports by Lal and van Doren (1990) that water infiltration is highly sensitive to soil use and management.
The final infiltration rate, i f , was similar between OP and AL (Table 4 ) but higher in the former than in the latter. The i f is at a maximum i o at the onset and approaches a low, constant rate i f as the soil profile becomes saturated, controlled by subsoil permeability. The slightly higher i f in OP than AL points to the fact that cultivated soils usually experience degradation of soil structure and structure-moderated soil properties, e.g., bulk density, total porosity, and pore-size distribution, and hydraulic conductivity in the soil surface zone , which can be accentuated where bare cultivation is the rule. Such degradation is generally typical in low resilient soils; soils with low ability to recover after a perturbation (Lal, 1993) , and under traditional soil use systems in the humid tropics with weak or non-existent soil surface management , affecting water intake. Burch et al. (1987) , reported that agricultural soils, particularly seasonally bare soils, exhibit lower infiltration capacities, and less macroporosity than do forest soils. The similarity in i f indicated that soil texture and other unidentified factors were probably more important than the land use systems (Lal and van Doren, 1990) . Generally, soil texture exerts the most remarkable effect on the infiltration rate when the water supply is not limiting, and it determines the duration of time to i f whether infiltration is gravity-driven (common in coarse-textured soil) or capillarity-driven (common in fine-textured soil). Indeed, the time to i f of about 120 min in OP and AF (Figure 1 ) may probably be of no effect since the rainfall rate will always exceed the i f on the farm.
The entry of water into the soil vadose zone is controlled by capillarity and gravity forces and soil properties, governed by the Richards equation (Richards, 1931) , whose solution requires that the soil moisture content and hydraulic conductivity be defined as functions of pressure head . Generally, however, during a high intensity rainfall event as is common in the study area, the infiltration capacity or i f , decreases over time as the soil moisture content increases, and in the limiting case if the soil becomes saturated, the infiltration capacity becomes constant and monotonically approaches the Ks (Rawls et al., 1992) . The i f was 14.10±3.01 cm/h in OP and 12.92±3.94 cm/h in AF. These results were orders of magnitude lower than the laboratory measured Ks (Table 2) ; the high Ks could be attributed to field and laboratory errors and, therefore, the assumption that at significant times i f is equal to Ks could not hold. For a given soil, the effects of the inherent characteristics such as profile heterogeneity in texture and pore-size distribution are reflected in the Ks, the resistance that the soil matrix offers to the flow of fluids. Thus, the comparison of Ks and i f indicated that the latter is limiting under the usually high amount and intensity rains in the area. The data of i f and Ks also demonstrated that infiltration excess or Hortonian overland flow may readily occur in the area but may be delayed in OP with high i f than in AF with low i f , provided that rainfall rate not exceed the infiltration rate. However, the effect of the difference in i f between OP and AL may be short-lived under the rainstorms common in the area. 0.596 * = significant level at 5%; *** = significant level at 0.01%; sd = standard deviation; CI = cumulative infiltration; OP = oil palm; AF = arable farm Cumulative infiltration, the time integral of the flux of water into the soil, was not significantly different between OP and AF (Figure 2 ). The figure shows that the cumulative depths of water were close at the early stages of the infiltration process but diverged slightly after 40 minutes and maintained the non-significant difference and curvilinear trend to the end of the three-hour infiltration duration in both OP and AF. The average cumulative infiltration was 72.81 cm in OP and 74.76 cm in AF. The curvilinear pattern exhibited by the cumulative depth of water infiltrated was thus in agreement with the theory of infiltration (Reynolds et al., 2002) . The high cumulative infiltration recorded in this study might be due to an infinitely deep, homogeneous and permeable soil profile (high Ks) and therefore, water storage depth (Table 2) which ordinarily is advantageous against runoff generation if only the water application rate (rainfall or irrigation) would not exceed the soil infiltrability.
Effect of OP and AF on Model Predicted Parameters
Green-Ampt parameters: The parameters K s (saturated hydraulic conductivity) and S t (suction storage factor or capillarity), respectively averaged 0.342 cm/min and 0.377 cm/ min, and 15.56 and 12.56 in OP and AF ( Table 5 ). The high values of S t depict the high initial infiltration rate in both land use systems. However, the highly significant (p<0.01) S t in OP than in AF pointed to the effect of forest cover on soil structure, in particular, soil pore-space and water intake.
Philip parameters: The sorptivity, S, in Philip model averaged 3.82 cm/min 0.5 in OP and 4.03 cm/min 0.5 in AF, indicating that sorptivity forces associated with capillarity were initially high. Sorptivity is a measure of the soil's ability to absorb water (Philip, 1957a) and is dependent on initial water content (Philip, 1957b; Chong and Green, 1979) . Transmissivity, A, a gravity factor that governs the final infiltration rate, was similar in both OP and AF, averaging 0.133 cm/min and 0.136 cm/min, respectively. The estimated values were generally low and orders of magnitude less than i f , and several orders of magnitude less than Ks, indicating that Philip's parameter probably underestimated the i f and Ks of the soil. Duan et al. (2011) , reported that the estimated value of the Philip A should be close to the measured final infiltration rate; however, the values were not identical, and Dashtaki et al. (2009) , attributed the discrepancy to the fact that these parameters are inherently empirical. Similarly, Philip (1957a) , noted that the equality between A and Ks did not exist; rather, parameter A varies from one-third to two-third Ks. It could also be because the cumulative time of three hours was not sufficiently long enough for A to equal Ks in the study area.
Horton parameters: The parameters in the infiltration model showed that i o was 1.310 cm/min in OP and 1.330 cm/min in AF, while i c averaged 0.190 cm/min in OP and 0.156 cm/min in AF. Similar to Philip's A, Horton's i c was also orders of magnitude less than measured i c . Similarly, k averaged -0.0549 in OP and -0.0490 in AF. In the Horton's model, k, as a decaying factor, reflects the changes in the slope of the infiltration curve; large k indicates that the infiltration rate decreases faster (Zhao and Wu, 2004) . Except for the steepness in the initial portion of the infiltration curve (Figure 1) (Al-Azawi, 1985) , the k predicted showed that the decrease in the infiltration rate was slow in both land use systems. The infiltration equations obtained for OP and AF were and respectively.
Kostiakov parameters: The Kostiakov model parameter c averaged 1.959 in OP and 1.913 in AF, while the parameter α had a mean of 0.712 in OP and 0.713 in AF. The infiltration equations obtained for OP and AF are and I = 1.913t 0.735 respectively. The average values of the time exponent of Kostiakov's model, α, the index of sorptivity reflecting the rate of declining infiltration capacity, and that the steeper it is, the steeper the slope and the greater the rate of decline of infiltration. Results indicated that α was positive and consistently less than one (0<α< 1), indicating reasonably high sorptivity which was in accordance with the theory of infiltration (0<α< 1) (Kostiakov, 1932) . Hartly (1992) , observed that in homogeneous soils the α is mostly higher than 0.5. In a similar study, Al-Azawi (1985) and Oku and Aiyelari (2011) , reported α values that were larger than 0.5. Similarly, c, Kostiakov's initial infiltration rate, was confident and consistently higher than zero. Large values of c indicate large initial infiltration (Naeth et al., 1991) rate as well as differences between the initial and steady infiltration rates (Liu and Kang, 1997) . Hence, both values of α and c were high in the two land use systems. 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 Mezencev parameters: The Mezencev model constant i c , the basic infiltration rate after 3 hours, had a mean value of 0.235 in OP and 0.215 cm/min in AF. The α averaged 2.394 in OP and 2.139 in AF, while the β averaged 0.501 in OP and 0.569 in AF. The average values of the time exponent of Mezencev model were positive and consistently less than one, which agreed with the theory of infiltration (Mishra et al., 2003) . Rawls (1993) , reported that at theoretically large times, laboratory measured Ks should be equal to the observed i c . However, the results of this study defied this assumption, because Ks was higher than i c .
Effect of OP and AF on Model Validation
Paired t-test analysis (Table 6 ) of the predictive ability of the models showed significant (p<0.05) differences between the measured and Green-Ampt (GA), Horton (H), and Mezencev (MZ) modelled cumulative infiltration in OP; the Philip (P) and Kostiakov (K) estimated I was not different from the observed value. The analysis indicated that GA, P, and K, however, underestimated I, while H and MZ overestimated the I. Similarly, paired t-test analysis showed that H and MZ predicted I was significantly (p<0.05) different from the measured I, while that estimated by GA, P, and K was similar to the observed I in AF (Table 7) . Also, GA and P under-estimated I, H and MZ over-estimated I, while K accurately estimated it.
In Figure 3 , all models initially accurately predicted I, that is, there was a negligible difference between the predicted, and the observed I within the first 40 minutes of infiltration in OP, but thereafter, GA, H, and MZ deviated significantly, and either underestimated or overestimated I. The results indicate that P and K models could be relied upon to predict I in OP. Similar to OP in Figure 3 , Figure 4 showed that all models initially, accurately predicted I up to the 50 th minute, beyond which H and MZ deviated significantly (p> 0.05) from the field-measured I, indicating that P, K, and GA could be used to estimate I in both OP and AF.
Selection of best-fit infiltration model
The infiltration models were subjected to the goodness of fit criteria in Table 3 , which resulted in the best-fit indices in Table 7 . Generally, the models' W and R 2 indices were >0.90 in both OP, and AF land uses. However, the P and K were closer to unity and accounted for almost all the variability in the data as well as provided a very good fit for the data than GA, H, and MZ in OP and AF. Wuddivira and Abdulkadir (2000) have obtained similar results in the northern Guinea savanna of Nigeria. The X 2 goodness of fit, used to express the amount of disparity between the predicted and observed values, showed that K model had the least value followed by P at the 0.05 level of significance in soils of OP and AF; there was a wide disparity between measured and predicted I by GA, H, and MZ at the same level of significance. Thus, K and P could be used to predict I in soils under the land use systems. The RMSE, the index of the correspondence between measured and predicted I, was least under P followed by K, and thus corresponded better to measured I than GA, H, and MZ which overestimated I in OP and AF. The ME index, to indicate whether a model under-or overestimates measured values, was similar in pattern to RSME for all tested models. In this study, P and K models systematically under-estimated I, the cumulative infiltration, while GA, H, and MZ over-estimated cumulative infiltration. In terms of the best fit model, the order of performance was P>K>MZ>GA>H.
Model ranking according to the goodness of fit
The ranking of models (Tables 8 & 9 ) based on the goodness of fit criteria, W, R 2 , RMSE, ME and X 2 showed that for W and R 2 , the overall model rank for both OP and AF was P>K>MZ>GA>H. Similarly, the ranking for RMSE, ME and X 2 goodness of fit criteria was K>P>MZ>GA>H. The summary of the model rankings ( Note: M = field measured cumulative infiltration; GA= Green-Ampt; P = Philip; H = Horton; K = Kostiakov; MZ = Mezencev.
A negative t-test value indicates a higher cumulative infiltration was recorded for model predicted data than field data and positive value is otherwise; ** = significant at 1%; * = significant at 5% 
Conclusion
A study was conducted to evaluate the effect of oil palm and arable land uses on the Green-Ampt (GA), Philip (P), Kostiakov (K), Horton (H) and Mezencev (MZ) infiltration models, as well as the applicability or efficiency of the models to predict infiltration into the soils on the University of Calabar Teaching and Research Farm. The results showed a consistent trend in the performance of the Philip's and Kostiakov's models in estimating the cumulative infiltration under the two land use system, compared to the other models. Also, Philip's model was superior to the Kostiakov's model in predicting infiltration in this study and is therefore recommended for the soils of the farm and similar soils elsewhere. It is also recommended that the rate of water application to the oil palm and arable farm soils should be less than or equal to the infiltration capacities of 14.1 cm/hr and 12.92 cm/hr, respectively, in other to avoid ponding and runoff or erosion on the farm. 
Models
